In the debates on regional economic analysis, scholars generally reach the consensus that the industrial frame and the occupational mix are not very accurate substitutes for each other. While industry concentration and mix are widely accepted as significant, the independent consideration of occupation has been shown to be important, especially for creativity-concentrated regions. However, neither the industrial nor the occupational mix is separately sufficient to be solely applied to understand the entire regional situation. This paper develops an integrated occupational and industrial structure (IOIS) at the state and also the national level in order to bridge the gap between separate industrial and occupational analytic results. The case of California is used to demonstrate that the integrated approach is a more effective way than either the single occupational or industrial analysis. The further application of this approach to data for the fifty states provides a general view of joint occupational and industrial development across the nation. This approach further links the occupational approach and the industrial development together by providing a new way to measure and identify the regional comparative difference to be able to implement more fruitful policy-making decisions.
Introduction
The industrial analytical framework has long been a top focus in research related to cities and regions. Ever since the 1950s, when trade was regarded as the major driving factor of regional productivity, regional industrial structure has always been the dominant model because the industrial output, or more specifically the products of regions and countries, has long driven the key questions guiding research in this field. As the role of human capital in economic development is increasingly gaining traction in the literature and policy realms, people's knowledge and problem-solving abilities provide a new perspective in which urban and regional competitiveness can be explored.
Since the pioneering work of Thompson and Thompson [1, 2] , the occupational mix has become an important factor in the regional economic analysis. From educational attainment to broader knowledge and skills, the occupational research frame has gained great interest among scholars. Of course, this debate has experienced several shifts in focus, as is described in the next section. In regional development analysis, scholars have generally reached the consensus that these two approaches offer differences in measuring the situations for a specific region. The industrial analysis is not enough to function as a replacement for occupational analysis. However, neither the industrial nor the occupational mix is enough to be solely applied to acquire the whole view of the regional economic is especially important in regions with a high concentration of creativity-oriented industries and occupations. An integrated approach is needed to view the regional industrial and occupational structure as a whole. Industrial structure and occupational mix differ a lot-especially in certain industries and geographic areas. A comprehensive understanding of both is more important than just finding the gap. The integrated approach presented offers a potential solution.
This paper tries to develop such an approach of integrated occupational and industrial structure (IOIS). The detailed comparison in the case of California demonstrates that this approach does provide something new. It is also applied to data for the fifty states. The research is limited to the United States given data availability. The two-tier integrated approach using both occupational and industrial frameworks provides a new way to facilitate policy-making and refuel the prosperity of regions and cities.
Data and Methodology

Data Source
The research in this paper is based on three data sources. The first two are the Standard Occupational Classification system (SOC) in 2000 and 2010 by the Bureau of Labor Statistics and North American Industry Classification System (NAICS) in 2002 and 2007 from the Census Bureau. They provide the coding standards under which the industrial and occupational structures are organized. The third data source is the Public Use Micro-data (PUMS) files from the American Community Survey (ACS) released by the US Census Bureau. This single file contains data from 2006 to 2010. ACS PUMS has a single year of data, 3-years of combined data, and 5-years of combined data. The 5-year dataset covers the data from 2006-2010 in a single file, providing a larger sample which covers 5% of the total population compared with 3% in the 3-year dataset and 1% in the single year dataset. This 5-year database rather than a single-year or three-year file is selected to provide a larger sample. This data jointly provides both industry code and occupation code for working individuals. The industrial and occupational data from the PUMS includes the variables of NAICS code, SOC code, INDP (Census industrial code) and OCCP (Census occupational code). Each individual is also identified to specific geography. For this initial analysis, the geographic dimension is limited to the fifty states (plus Puerto Rico and the District of Columbia). The ACS PUMS file would also permit analysis at the metropolitan area or even county (for some counties). However, counting the individual crossing metropolitan units results in many instances where because of ACS sampling frames, the amount of "noise" in the counts is significant. To eliminate that as much as possible, only states will be used for this initial analysis. As the overall intention is to present, discuss, and validate the approach presented, and, since state level analysis is common practice, that level of analysis is a reasonable place to start. Eventually, this work can be supplemented with limited metropolitan level analysis.
The ACS PUMS files are especially useful for studying population and household groups for a specific use where published tables may be limited. In this five-year data file, the data previously available in OCCP and SOCP are now presented in 4 separate fields. OCCP10 and SOCP10 contain data for 2010 cases only, using the 2010 occupational classification system. OCCP02 and SOCP00 contain data for 2006, 2007, 2008 Table 1 ).
Based on the above situation there is one problem. In the five-year data file from 2006 to 2010 the NAICS codes include both NAICS2002 to NAICS2007 and the SOC codes from SOC2000 and SOC2010. Based on the full concordance of NAICS 2007 matched to NAICS 2002 the changes are all in the same NAICS two-digit codes after combining the same categories. Even at the three-digit-level, the changes in the codes and their contents are not big enough to influence the results seriously. Therefore, while at a finely-grained detailed level, the variation in coding could present a challenge, our summarization of the data (to two-and three-digit levels) eliminates the potential for any impact. Meanwhile the SOC codes had no substantial changes. 
Constructing IOIS Matrix
Using two-digit NAICS codes, the cases are aggregated into the groups as the columns. The SOC codes are grouped to create the rows based on two-digit codes. Combined, they constitute a matrix with each cell representing the employment corresponding to both a two-digit NAICS code and two-digit SOC code. Given that PUMS is a weighted sample, the weights are applied to each individual before the individual cell totals are calculated to approximate the whole population, and the standard errors of estimation are shown in next section. The reason why the NAICS and SOC in the PUMS are used rather than the INDP and OCCP is that the industrial categories in INDP are too specific. One industrial category in the same major group often includes several different codes, even in a two-digit level. But the NAICS and SOC codes create meaningful group numbers and meet the intended requirements based on their links to the INDPs and OCCPs. This is the Integrated Occupational and Industrial Structure (IOIS) approach this paper constructs to represent the general occupational and industrial situations in states and the nation. In order to examine the industrial and occupational dimension in more details the matrix constructed as the IOIS is also completed for more digit levels (representing different levels of summarization) such as three-digit industrial NAICS code by two-digit occupational SOC code, two-digit industrial NAICS code by three-digit occupational SOC code, three-digit industrial NAICS code by three-digit occupational SOC code. The difference in the results is discussed in the next section.
The matrix shows the linkages between industries and occupations. It is also a manifestation of the integrated occupation/industry structure. The state of California's IOIS matrix for two-digit level NAICS and two-digit level SOC is in Appendix A. The national level numbers are in Appendix B. Due to the space limitation only the matrices of two-digit NAICS by two-digit SOC codes of California and the US are shown in the appendices. The two-digit NAICS code of 99 and the two-digit SOC codes of 55 and 99 are deleted because they do not represent actual employment. The state IOIS can be compared with the national IOIS to examine the variance and determine how large it is.
With the above matrices, we first make a quick and simple test of comparison in two-digit NAICS by two-digit SOC to determine the difference in employment percentage in every cell rather than discuss a specific comparison of every one of the actual numbers. California and D.C. are selected to compare with the whole US situation. These two are of a really different character. California is diversified with abundant resources and multiple economic functions while D.C.'s role is much simpler. When we compare the IOIS matrix of California with that of the US by means of simple subtraction (the US minus California), we find the range in the share difference is from −0.0065 to 0.0075. When it comes to D.C., it is from −0.0271 to 0.0297. Not even in the same order of magnitude, the different range of California suggests it has a similar IOIS with the whole nation while that D.C offers a sharply different framework compared with the US. Given the economic characters of California and D.C., it is expected that most of the other states should fall in the middle between these two.
This method provides for the difference, but does so by returning a whole collection of differences that then can be investigated. But the above method is somewhat problematic in matrix comparison because it is too simple, and lots of information is lost in processing the matrix values. Therefore, this paper proposes a different and more reasonable approach to better understand the comparison of the state IOIS with the national one.
In the above two-dimensional Matrix M io , m io corresponds to the employment of industry i and occupation o at the same time in actual numbers. Any element in the state Matrix M r is expressed in r io while that in the national Matrix M n in n io . This paper applies commonly used methods to normalize the matrices and determine their similarity. The first step is the normalizations of the state and national matrices to make them comparable (seen the Formulas (1) and (2)). After the normalization the matrices are expressed with R io in state level and N io in national level. Actually the Matrix R io and Matrix N io are highly dimensional vectors of i × o respectively. So in the next step the inner product of the two vectors as shown as s in Formula (3) is used to represent how similar they are. The inner product is handled with exponentiation of cube to inflate the variance among the v values. Based on this specific research, the cubic exponentiation is tested to be an adequate degree to make the variance more visible. It helps us better identify the variance values for the following analysis. Then we make the s subtracted by 1 to represent the variance (v) of the two matrices seen in Equation (4). It can be expressed as follows,
In which, r io represents the state employment and R io is the normalized state employment; n io is the national employment and N io is the normalized national employment; i refers to a certain industry and o represents an occupation; s is the similarity; Finally v is the variance between the state and the nation. The variances of different code digit levels are shown and discussed in the next section, including two-digit NAICS by two-digit SOC, two-digit NAICS by three-digit SOC, three-digit NAICS by two-digit SOC, three-digit NAICS by three-digit SOC. In the setting of the above approach v is ranging from 0 to 1. When it is going close to 1 the variance is suggested to be bigger while it is becoming smaller when it is increasingly near 0.
Suppose we have the national and state matrices as n io = 0 1 1 0 , r io = 1 0 0 1 respectively.
Noticeably, they are totally different from each other. Using the above formulas, we have
It is the biggest variance value, which in turn shows there is no similarity between the state and national occupational and industrial mix.
The same methods will also be applied in the single industry or occupation case as a one-dimensional matrix. The industrial and occupational mixes are both to be examined in two-and three-digit level, respectively. If the integrated industry and occupation structure matrix identifies a bigger variance between the state and national level than the single simpler matrix, we can say that the integrated approach has a more effective distinguishing ability. Or, at least it provides a different view, greater information and shows the result of existing regional differentiation.
The comparison of integrated occupational and industrial approach and the single approach is first conducted in the state of California. The case of California facilitates well to identify the difference between the two approaches given its vibrant and diversified economic activities. The human capital situation in the whole state fits well with the analysis focusing more on the occupational aspect. In a later analysis of more states, counterparts can be identified. Then, the integrated approach is applied to the fifty-state data to achieve a generalized view of the occupation and industry circumstances in other states and across the nation.
In order to further reveal if the states are spatially correlated in the variance values, Moran's I is added to conduct such an analysis. The three-digit industry by three-digit occupation results of the states are used to run Stata software. The geographical distance between the states are applied as the weights-matrix in the Stata software. The approaches of the global spatial autocorrelation and local spatial autocorrelation are both run. The former is to show if all the states have a spatial autocorrelation based on the variance of the regional IOIS feature from the national level. The latter is to tell us if in some areas there exists a certain spatial autocorrelation among some of the states. The scatterplot will help us better identify these states which gather spatially in the next section. After this, a more direct approach of the map with differentiated variance values of all the states is taken to reveal some regional similarities.
Results and Discussion
California Case
The variance between the two matrices mentioned above has been calculated. It is conducted at four different levels of detail: Two-digit NAICS by two-digit SOC, two-digit NAICS by three-digit SOC, three-digit NAICS by two-digit SOC, three-digit SOC and three-digit NAICS. The variances between California and national IOIS in four levels are as follows. (See Table 2 ). If the single industrial or occupational structure is applied, it can be regarded as a simpler matrix with just one column or row. The results of these calculations are shown as Tables 3 and 4 below. Table 3 . The variance between the state and national industrial structure by NAICS.
Two-Digit NAICS Three-Digit NAICS
Industrial structure 0.0151 0.0310 If the integrated occupational and industrial structure as matrix has a larger variance between the state and national level than the single simpler matrix, we can infer that the integrated approach more effectively distinguishes the differentiation between state and the national economic industry/occupational structure. From the table results above, it can be seen that the variances of a single industrial or occupational structure in two-digit level are 0.0151 and 0.0106 respectively. But our integrated approach in both two-digit level shows the result of 0.0297. The difference grows even larger when it comes to more digit data analysis. The integrated approach reveals a bigger variance between the state and national level. It better recognizes the state variation when compared with the national situation.
The IOIS approach provides an integrated approach to explore the joint industrial and occupational distribution. The state integrated occupational and industrial structure is clearly different from that of the whole country, which reflects the state difference in occupational and by industrial content based on respective codes. It also provides a better way to see the national industrial and occupational linkages.
From the above comparison with the single industrial or occupational mix, the IOIS framework indeed provides a different result of v value. It reveals the state development status differs from the overall national economy in another way. Therefore, the state comparative difference shall be identified in this "another" way. It is a more comprehensive and exact way to grasp the view of state development, whether in conceptual or practical aspect. Table 5 are presented in Appendix C. Descriptive variables such as mean, standard deviation, and maximum and minimum values are presented in Table 6 . D.C. and Puerto Rico are excluded in the descriptive analysis, because they are not really of the state character. The mean values of the variance at any data detail level are relatively high. Not surprisingly, the average state IOIS situation is very similar to the national IOIS. Based on the standard deviation of the variance values, the specific values for the various states are not so distant from the mean, and the industries and the occupations structures are distributed relatively evenly across the nation.
However, the results also show specific differences, by state, in the 50 state data files. The state of Missouri has the least variation in all the data detail levels except for the state of Illinois in three NAICS by three SOC codes, while Nevada and North Dakota are least like the national distribution. The analysis of data values above and below the mean is conducted in the three NAICS by three SOC detail level. Only 15 states have a greater variance from the national values than the mean. They are North Dakota, South Dakota, Nevada, Wyoming, Alaska, Nebraska, Hawaii, Iowa, Montana, Michigan, Vermont, West Virginia, Idaho, Utah and New York (ordered from most to least variance). These states have a larger difference in occupational and industrial structure compared with the national level. They have a more distinctive collection of industry and occupational pairing shares, due to either unique combinations of function or other specialized locational characteristics. The top three states with the least variance with the national level are Illinois, Missouri and Texas. These states look very similar to each other and to the whole nation.
From two-digit industrial by two-digit occupation to the three-digit industrial by three-digit occupation, the mean variance values experience changes with the adjustment of either industrial or occupation or both. As expected, the more detailed industrial or occupational codes used to construct the matrix and calculate the variance generate greater variation. Now we move to the analysis of some specific states. When the occupational data level is becoming more detailed, there are some states with the variance value experiencing relatively large increase, for example, Iowa, Vermont, Maine, California, Rhode Islands, Kansas, Nebraska, Massachusetts, Oregon, Oklahoma, and Utah. The current occupational and industrial situations of these states are more outstanding and different from the national framework as the occupational aspect, and regional talent levels matter more, which might suggest that the human resources matter a lot for their current economic development. On the opposite side, there are states which are increasingly the same with the national IOIS and harder to differentiate themselves from the overall national level if the codes are more occupationally detailed, such as Indiana, Nevada, Virginia, Ohio, New Mexico, Florida, Kentucky, Tennessee, Alabama, South Carolina etc.
An aspect of Moran's I the results of the global spatial autocorrelation is shown in Table 7 . The value of -0.016 with the significance of 0.870 reveals no significant spatial correlation among all the states in the statistical meaning, indicating there is no emerging regional gathering pattern in the nation, based on the variance of regional IOIS from the nation examined in our paper. However, the local spatial autocorrelation results, as shown in Table 8 , provide us with some clues to grasp some regional clustering features based on the variance values examined in our paper. Some states are spatially correlated with a p-value lower than 0. figure) , and they are indeed close and adjacent to each other in the real spatial layout. Other states with statistical significance involve DC and Puerto Rico. They are in the fourth quadrant, indicating there emerges differentiated and dispersed spatial trend around these two states. Because no clear spatial correlations in real meaning are visible about these two states, we will not conduct detailed analysis in this particular paper. Besides the regional clustering feature with a statistical significance obtained from Moran's I analysis, we can also get a more direct sense of the regional appearance of IOIS from the map. Figure 2 shows the integrated occupational and industrial structural variant results in three by three digits. The map reveals some regional similarities in the amount of overall variance between each state and the national averages for the industry/occupation pairs. The southeastern US generally has smaller variance as do parts of the Midwest/rust belt and the southwest, including California; while the northern prairie states have industry/occupation distributions that are most different to the US averages. Some of the most populous US states (California, Texas, Illinois, Arizona, Florida, Georgia, Missouri) have a smaller variation with the US average. However, some of the more populated states (New York, New Jersey, Ohio, Virginia, Colorado, Michigan) show relatively higher variation with the US. Overall, the map shows that while there are some regional US patterns, some states still show individual variation. Besides the regional clustering feature with a statistical significance obtained from Moran's I analysis, we can also get a more direct sense of the regional appearance of IOIS from the map. Figure  2 shows the integrated occupational and industrial structural variant results in three by three digits. The map reveals some regional similarities in the amount of overall variance between each state and the national averages for the industry/occupation pairs. The southeastern US generally has smaller variance as do parts of the Midwest/rust belt and the southwest, including California; while the northern prairie states have industry/occupation distributions that are most different to the US averages. Some of the most populous US states (California, Texas, Illinois, Arizona, Florida, Georgia, Missouri) have a smaller variation with the US average. However, some of the more populated states (New York, New Jersey, Ohio, Virginia, Colorado, Michigan) show relatively higher variation with the US. Overall, the map shows that while there are some regional US patterns, some states still show individual variation. 
Conclusions with Policy Implications and Further Work
The focus on the occupational mix in the regions and cities is nothing new. Researchers and planning practitioners have been making endeavors to integrate the occupational factor in economic development for the last several decades. The increasingly close linkages with the industrial analysis framework make occupations no longer just part of labor incentive research. The occupational analysis is supposed to be released out of the package and used broadly in the economic decisionmaking and agenda. The previous work in this field has done a lot to show the industrial and occupational analysis could not substitute each other. The gap and differences do, in fact, exist. Neither aspect will be neglected in effective planning practice. This paper constructs an integrated occupational and industrial structure (IOIS) to bind them together. It will lead to some policy implications in potential regional economic and human capital policy-making. Firstly, in regional perspective, the new integrated analytical approach will provide a more comprehensive and different view about the regional and national development situations. The state of California serves as the 
The focus on the occupational mix in the regions and cities is nothing new. Researchers and planning practitioners have been making endeavors to integrate the occupational factor in economic development for the last several decades. The increasingly close linkages with the industrial analysis framework make occupations no longer just part of labor incentive research. The occupational analysis is supposed to be released out of the package and used broadly in the economic decision-making and agenda. The previous work in this field has done a lot to show the industrial and occupational analysis could not substitute each other. The gap and differences do, in fact, exist. Neither aspect will be neglected in effective planning practice. This paper constructs an integrated occupational and industrial structure (IOIS) to bind them together. It will lead to some policy implications in potential regional economic and human capital policy-making. Firstly, in regional perspective, the new integrated analytical approach will provide a more comprehensive and different view about the regional and national development situations. The state of California serves as the data source of the comparison between the integrated and single applied approach. It does demonstrate that the integrated approach reveals a bigger difference between the state and national level because the identified variance values increase when using the integrated approach. As a new perspective and method, it will serve as protentional policy information tools for the regional policy-making. It will better recognize the regional advantage and competitiveness compared with the national situation as a whole. Regions can gain an advantageous position by targeting more precisely in the development fields. This integrated framework provides a different option either in theoretical research or in practical plans. The occupation included a framework of the regional economy is of greater importance to the states which have an abundant human resource and creative talents, such as California. The single industrial analysis only provides the relatively fixed structure of the regional economy. And the single occupational analysis gives the limited information of the human resource pool. But the integrated framework tells us which kind of human resource is "alive" in the practical use corresponding to a certain industry. It helps the policy-makers bridge the industry requirement with the occupational supply by giving deeper insight into the regional development.
Secondly, in a national perspective, it is applied in the 52 state data files in PUMS. The overview of the national industrial and occupational status is provided. The snapshot shows most of the states have a highly similar occupational and industrial development with the national level. The occupations and industries are distributed relatively evenly across the nation. It needs further and detailed analysis in specific industries and areas to identify more potential benefits. In some sense, the results reflect that occupations play an even more important role in the industrial structure. An adjustment, made by gradually more detailed data level in terms of either occupations or industries, reveals that focusing more on occupational mix helps the state IOIS become more differentiated from the national level, while the industrial framework does less. The value change range is even bigger in the occupational aspect compared with the industrial one. It goes further to suggest the occupational aspect and human resources play an important role in achieving a unique regional advantage across the nation. From the variance results of the states, we learn that some states (such as Florida, Hawaii, Indiana, Michigan, Nevada) are not sensitive to the changes of more detailed occupational information. For example, their variance values even decrease when the I3O2 change to I3O3, indicating they grow more similar to the national average level. It might be an indication that under certain industrial frame, the human resource is in a disadvantageous position. In comparison, some states (such as California, Illinois, Maryland, to just name a few) have variance values increase from I3O2 to I3O3. These states have more available human capital potential. From the national point of view, it will help the policy makers mobilize the human resource and formulate labor incentive policies in a larger range more effectively.
The integrated industrial and occupational approach provided in this paper is just a start. Upcoming research shall be in more detailed and specific industrial and occupational groups to help with the policy-making of the urban and regional development. Because the occupational and human capital focus is mostly related to the industries containing the most knowledge and skill-intensified contents, the future research shall involve more efforts in the creative and knowledge industrial groups with the generalized ISIO approach. Of course, the creative industries refer to the broad sense, including design, software developing, art, performing, consulting and so on., all of which are of great significance to upgrade the industrial development and refuel the regional growth.
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Appendix C. Details of Standard Errors Going with Variance results between the 50 states of the US
